In the analysis a status and parameters of the scalar, vector, and tensor mesonic resonances are obtained and compared with other results. Possible classification of the resonance states in terms of the SU(3) multiplets is discussed. • Motivation
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I. MOTIVATION
The spectroscopy of light mesons plays an important role in understanding the strong interactions at low energies. Among possibilities to study the spectrum of light mesons, analysis of the ππ interaction is particularly useful and, therefore, it has always been an object of continuous theoretical and experimental investigation [1] . Here, we present results of the coupled-channel analysis of data on processes ππ → ππ, KK, ηη, ηη ′ in the channels with I G J P C = 0 + 0 ++ and 0 + 2 ++ and on the ππ scattering in the channel with 1
The scalar sector is problematic up to now especially as to an assignment of the discovered mesonic states to quark-model configurations in spite of a big amount of work devoted to these problems (see, e.g., Ref. [2] and references therein). An exceptional interest to this sector is supported by the fact that there, possibly indeed, we deal with a glueball f 0 (1500) (see, e.g., Ref. [1, 3] ).
Investigation of vector mesons is up-to-date subject due to their role in forming the electromagnetic structure of particles and because our knowledge about these mesons is still too incomplete (e.g., in the Particle Data Group tables [1] (PDG) the mass of ρ(1450) is ranging from 1250 to 1582 MeV).
In the tensor sector, among the thirteen discussed resonances, the nine states (f 2 (1430), ), is a candidate for the glueball [4] .
In our analysis, we have used both a model-independent method [5] , based on the first principles (analyticity and unitarity) directly applied to analysis of experimental data, and the multichannel Breit-Wigner forms. The former approach permits us to introduce no theoretical prejudice to extracted parameters of resonances, however, it is limited with the possibility to use only three coupled channels. Therefore, in more general cases, one has to use, e.g., the Breit-Wigner approach. Considering the obtained disposition of resonance poles on the Riemann surface, obtained coupling constants with channels, and resonance masses we draw particular conclusions about nature of the investigated states.
II. METHOD OF ANALYSIS
In both methods of analysis, we parametrized the S-matrix elements S αβ where α, β = 1, 2, · · · , n denote channels, using the Le Couteur-Newton relations [6] . This relations express the S-matrix elements of all coupled processes in terms of the Jost matrix determinant d(k 1 , · · · , k n ) that is a real analytic function with the only square-root branch-points at the channel momenta k α = 0.
In the model-independent approach, the S-matrix is determined on the 4-and 8-sheeted
Riemann surfaces for the 2-and 3-channel cases, respectively. The matrix elements S αβ have the right-hand cuts along the real axis of the s complex plane (s is the invariant total energy squared), starting at the coupled-channels thresholds s i (i = 1, 2, 3), and the left-hand cuts related to the crossed channels. The Riemann-surface sheets are numbered according to the signs of analytic continuations of the channel momenta
shown in Table I . 
The model-independent method which essentially utilizes an uniformizing variable can be used only for the 2-channel case and under some conditions for the 3-channel one. Only in these cases we obtain a simple symmetric (easily interpreted) picture of the resonance poles and zeros of the S-matrix on an uniformization plane. The important branch points, corresponding to the thresholds of the coupled channels and to the crossing ones, are taken into account in the uniformizing variable.
The resonance representations on the Riemann surfaces are obtained with the help of formulas from Ref. [5] , expressing analytic continuations of the S-matrix elements to unphysical sheets in terms of those on sheet I that have only the zeros of resonances (beyond the real axis), at least, around the physical region. Then, starting from the resonance zeros on sheet I, one can obtain an arrangement of poles and zeros of resonance on the whole Riemann surface.
In the 2-channel case, we obtain three types of resonances described by a pair of conjugate zeros on sheet I: (a) in S 11 , (b) in S 22 , (c) in each of S 11 and S 22 .
In the 3-channel case, we obtain seven types of resonances corresponding to seven possible situations when there are resonance zeros on sheet I only in S 11 -(a); S 22 -(b); S 33 -(c); S 11 and S 22 -(d); S 22 and S 33 -(e); S 11 and S 33 -(f); and S 11 , S 22 , and S 33 -(g).
A resonance of every type is represented by a pair of complex-conjugate clusters (of poles and zeros on the Riemann surface). Note that whereas the cases (a), (b) and (c) can be simply related to the representation of resonances by the Breit-Wigner forms, the cases (d), (e), (f) and (g) are practically lost at that description. The cluster type is related to the nature of state. For example, if we consider the ππ, KK, and ηη channels, then a resonance which is coupled relatively more strongly to the ππ channel than to the KK and ηη ones is described by the cluster of type (a). If the resonance is coupled more strongly to the KK and ηη channels than to the ππ one, then it is represented by the cluster of type (e) (say, the state with the dominant ss component). The flavour singlet (e.g., glueball) must be represented by the cluster of type (g) (of type (c) in the 2-channel consideration) as a necessary condition for the ideal case, if this state lies above the thresholds of considered channels.
We can distinguish, in a model-independent way, a bound state of colourless particles (e.g., KK molecule) and abound state. Just as in the 1-channel case, the existence of the particle bound-state means the presence of the pole on the real axis under the threshold on the physical sheet, so in the 2-channel case, the existence of the particle bound-state in channel 2 (KK molecule) that, however, can decay into channel 1 (ππ decay), would imply the presence of a pair of complex conjugate poles on sheet II under the second-channel threshold without the corresponding shifted pair of poles on sheet III.
In the 3-channel case, the bound-state in channel 3 (ηη) that, however, can decay into channels 1 (ππ decay) and 2 (KK decay), is represented by the pair of complex conjugate poles on sheet II and by shifted poles on sheet III under the ηη threshold without the corresponding poles on sheets VI and VII. This test [5, 7] is a multichannel analogue of the known Castillejo-Dalitz-Dyson poles in the one-channel case. According to this test, earlier in Ref. [5] , the interpretation of the f 0 (980) state as the KK molecule has been rejected because this state is represented by the cluster of type (a) in the 2-channel analysis of processes ππ → ππ, KK and, therefore, it does not satisfy the necessary condition to be the KK molecule.
III. ANALYSIS OF THE ISOSCALAR-SCALAR SECTOR
Considering the S-waves of processes ππ → ππ, KK, ηη, ηη ′ in the model-independent method, we performed two variants of the 3-channel analysis:
variant I: the combined analysis of ππ → ππ, KK, ηη ;
variant II: analysis of ππ → ππ, KK, ηη ′ .
Influence of the ηη ′ -channel in variant I and the ηη-channel in variant II are taken into account via the background. Here, the left-hand cuts are neglected in the Riemann-surface structure assuming that contributions on these cuts are also included in the background.
Under neglecting the ππ-threshold branch point (however, unitarity on the ππ-cut is taken into account), the uniformizing variable is
and
The quantities related to variant II are primed.
On the w-plane, the Le Couteur-Newton relations are [41]
where the d-function is assumed in the form
and the resonance part is
with M the number of resonance zeros. The background part is taken as
where
with s σ the σσ threshold and s v a combined threshold of many opened channels in the vicinity of 1.5 GeV (e.g., ηη ′ , ρρ, ωω).
In variant II, the terms
should be added to α ′ n and β ′ n to account for an influence of the ηη-channel. As the data, we use the results of phase analyses given for phase shifts of the amplitudes δ ab and for moduli of the S-matrix elements η ab = |S ab | (a, b =1-ππ, 2-KK, 3-ηη or ηη ′ ):
If below the ηη-threshold there is the 2-channel unitarity, then the relations
are fulfilled in this energy region.
The ππ scattering data, which range from the threshold up to 1.89 GeV, are taken from
Ref. [8, 9] [42]. For ππ → KK, practically all the accessible data are used [12] . For ππ → ηη, we used data for |S 13 | 2 from the threshold to 1.72 GeV [13] . For ππ → ηη ′ , the data for |S 13 | 2 from the threshold to 1.813 GeV are taken from Ref. [14] . We included all the five resonances discussed below 1.9 GeV.
In variant I, we got satisfactory description: for the ππ scattering, χ 2 /NDF ≈ 
In variant II, we got the following description: for the ππ scattering 
In Figures 1-3 , we show results of fitting to the experimental data and in Table II calculating these quantities, the resonance part of amplitude is taken in the form
we obtain values of masses and total widths of the f 0 -resonances, presented in Table III .
IV. ANALYSIS OF THE ISOVECTOR P -WAVE OF ππ SCATTERING
In this sector we applied both the model-independent method and multichannel BreitWigner forms. We analyzed data in Ref. [8, 15] , for the inelasticity parameter (η) and phase shift of the ππ-scattering amplitude (δ) (S(ππ → ππ) = η exp(2iδ)), introducing three (ρ(770), ρ(1250) and ρ(1550 − 1780)), four (the indicated ones plus ρ(1860 − 1910)) and five (the indicated four plus ρ(1450)) resonances [16] . 
A. The Model-Independent Analysis
Since in the data for the P -wave ππ scattering a deviation from elasticity is observed in the near-threshold region of the ωπ channel, we considered explicitly the thresholds of the ππ and ωπ channels and the left-hand one at s = 0 in the uniformizing variable:
Influence of other channels which couple to the ππ one is supposed to be taken into account via the background.
On the v-plane, the resonance part of the 2-channel S-matrix element of ππ-scattering S res has no cuts and has the form where d(v) represents the contribution of resonances [16] .
The background part is
where α i = a i +ib i , s 1 is the threshold of 4π channel noticeable in the ρ-like meson decays and s 2 is the threshold of ρ2π channel. Due to allowing for the left-hand branch-point at s = 0 in the v-variable, a 0 = b 0 = 0. Furthermore, b 1 = 0 which is related to the experimental fact that the P -wave ππ scattering is elastic also above the 4π-channel threshold up to about the ωπ 0 threshold.
In Figure 4 we present results of fitting to the data with three, four and five resonances. The ρ(770) is described by the cluster of type (a) and the others by type (b). The Though the description can be considered, practically, as the same in all three cases, careful comparison of the obtained parameters and energy dependence of the fitted quantities suggests that the resonance ρ(1900) is desired and that the ρ(1450) might be also included improving slightly the description (at all events, its existence does not contradict to the data).
In Table IV, Table V .
B. The Breit-Wigner Analysis
We used the 5-channel Breit-Wigner forms in constructing the Jost matrix determinant
The resonance poles and zeros in the S-matrix are generated utilizing the Le Couteur-Newton relation
where k 1 , k 2 , k 3 , k 4 , and k 5 are the momenta of ππ, π + π − 2π 0 , 2π + 2π − , η2π, and ωπ 0 channels, respectively. The Jost function is taken as where the resonance part is 
with radius r rj = 0.7035 fm for all resonances in all channels as a result of our analysis.
Furthermore, we have assumed that the widths of resonance decays to π + π − 2π 0 and 2(π + π − ) channels are related each other by relation:
This relation is well justified with a 5-10% accuracy, for example, by calculations of the ρ 0 -meson decays in some variant of the chiral model [18] .
The background part of the Jost function is
where α i = a i + ib i and s 1 is the threshold of the ρ2π channel.
In Figure 5 , results of fitting to the data are shown and in parameters for the five-resonance description are: a 0 = −0.00121 ± 0.0018, a 1 = −0.1005 ± 0.011, and b 1 = 0.0012 ± 0.006. The background parameters for the other two cases can be found in Ref. [16] .
In order to look at consistency of the description, we checked if the obtained formula for the ππ-scattering amplitude gives a value of the scattering length consistent with the results of other approaches (Table VII) . It seems that the satisfactory agreement we obtained is not accidental, because in the energy region from the ππ threshold to about 500 MeV (where the experimental data appear) there are no opened channels. Therefore, at the adequate representation of the amplitude, its continuation to the threshold is unique. 
V. ANALYSIS OF ISOSCALAR-TENSOR SECTOR
In analysis of the processes ππ → ππ, KK, ηη, we considered explicitly also the channel (2π)(2π). Here it is impossible to use the uniformizing-variable method. Therefore, using the Le Couteur-Newton relations, we generate the resonance poles by some 4-channel Breit- 
with ρ rj = 2k j / M 2 r − 4m 2 j and f 2 rj /M r the partial width. The Blatt-Weisskopf barrier factor for a tensor particle is
with radii of 0.943 fm for all resonances in all channels, except for f 2 (1270) and f 2 (1960) for which they are: for f 2 (1270), 1.498, 0.708, and 0.606 fm in the channels ππ, KK, and ηη, respectively; for f 2 (1960), 0.296 fm in the channel KK.
The background part has the form
with
s v ≈ 2.274 GeV 2 is a combined threshold of the channels ηη ′ , ρρ, and ωω.
The data for the ππ scattering are taken from an energy-independent analysis by Hyams et al. [8] . The data for ππ → KK, ηη are taken from works [24] .
We obtained a satisfactory description with ten resonances f 2 (1270), The obtained resonance parameters are shown in Table VIII 
VI. SPECTROSCOPIC IMPLICATIONS FROM THE ANALYSIS
In the combined model-independent analysis of data on the ππ → ππ, KK, ηη, ηη ′ processes in the channel with I G J P C = 0 + 0 ++ , an additional confirmation of the σ-meson with mass 835 MeV is obtained (the pole position on sheet II is 598 − i583 MeV). This value of mass corresponds most near to the one (∼ 860 MeV) of Ref. [25] and rather accords with prediction (m σ ≈ m ρ ) on the basis of mended symmetry by S. Weinberg [26] . Note that our values of E r and Γ r for the f 0 (600)-pole position are larger than those obtained in the dispersive analysis of data on only the ππ scattering, see Ref. [27] and reference therein.
Indication for f 0 (980) to be the ηη bound state is obtained. From the point of view of the quark structure, this is the 4-quark state. Maybe, this is consistent somehow with arguments in favour of the 4-quark nature of f 0 (980) [28] .
The f 0 (1370) and f 0 (1710) have the dominant ss component. Conclusion about the f 0 (1370) agrees quite well with the one drawn by the Crystal Barrel Collaboration [29] where the f 0 (1370) is identified as ηη resonance in the π 0 ηη final state of thepp annihilation at rest. Conclusion about the f 0 (1710) is quite consistent with the experimental facts that this state is observed in γγ → K SKS [30] and not observed in γγ → π + π − [31] .
As to the f 0 (1500), we suppose that it is practically the eighth component of octet mixed with the glueball being dominant in this state. Its biggest width among the enclosing states tells also in behalf of its glueball nature [32] .
We propose the following assignment of scalar mesons below 1.9 GeV to lower nonets, excluding the f 0 (980) as the ηη bound state. The lowest nonet: the isovector a 0 (980), the isodoublet K * 0 (900), and f 0 (600) and f 0 (1370) as mixtures of the eighth component of octet and the SU(3) singlet. Then the Gell-Mann-Okubo (GM-O) formula
gives m f 8 = 872 MeV (m σ = 835 ± 14 MeV). In the relation for masses of nonet
the left-hand side is about 25 % bigger than the right-hand one.
The next nonet: a 0 (1450), K * 0 (1450), and f 0 (1500) and f 0 (1710). From the GM-O formula, we get m f 8 ≈ 1450 MeV. In the relation
the left-hand side is about 12 % bigger than the right-hand one.
Now an adequate mixing scheme should be found.
In the vector sector, the obtained value of mass for the ρ(770) is smaller in the model- Note that predicted widths of the ρ(770) decays to the 4π-modes are significantly larger than, e.g., the ones evaluated in the chiral model of some mesons based on the hidden local symmetry added with the anomalous terms [18] .
The first ρ-like meson has the mass 1257.8±11 MeV in the model-independent analysis and 1249.8±15.6 MeV in the Breit-Wigner one. These values differ significantly from the mass (1459±11 MeV) of the first ρ-like meson cited in the PDG tables. The ρ(1250) was discussed actively some time ago [33] and later the evidence for its existence was obtained in [16, 34] .
If the ρ(1250) is interpreted as the first radial excitation of the 1 + 1 −−state, then it lies down well on the corresponding linear trajectory with an universal slope on the (n, M 2 ) plane (n is the radial quantum number of thestate) [35] , whereas the ρ(1450) turns out to be considerably higher than this trajectory. The ρ(1250) and the isodoublet K * (1410)
are well located to the octet of the first radial excitations. The mass of the latter should be by about 150 MeV larger than the mass of the former. Then the GM-O formula
gives m ω ′ The third ρ-like meson has the mass about 1600 MeV rather than 1720 MeV cited in the PDG tables [1] .
As to the ρ(1900), in this energy region there are practically no data on the P -wave of ππ scattering. The model-independent analysis testifies in favour of existence of this state, whereas the Breit-Wigner analysis gives the same description with and without the ρ(1900).
The suggested picture for the first two ρ-like mesons is consistent with predictions of the quark model [36] . In Ref. [37] the discussed mass spectrum for radially excited ρ and K * mesons was obtained using rather simple mass operator. If the existence of the ρ(1250) is confirmed, some quark potential models, e.g., in Ref. [38] , will require substantial revisions, because the first ρ-like meson is usually predicted about 200 MeV higher than this state. To the point, the first K * -like meson is obtained in the indicated quark model at 1580 MeV, whereas the corresponding very well established resonance has the mass of only 1410 MeV.
In the tensor sector, we carried out two analysis -without and with the f 2 (2020). We do not obtain f 2 (1640), f 2 (1910) and f 2 (2150), however, we see f 2 (1450) and f 2 (1730) which are related to the statistically-valued experimental points.
Usually one assigns the states f 2 (1270) and f ′ 2 (1525) to the ground tensor nonet. To the second nonet, one could assign f 2 (1600) and f 2 (1760) though for now the isodoublet member is not discovered. If a 2 (1730) is the isovector of this octet and if f 2 (1600) is almost its eighth component, then, from the GM-O formula, we expect this isodoublet mass at about 1633
MeV. Then the relation for masses of nonet would be fulfilled with a 3% accuracy. Karnaukhov et al. [39] observed the strange isodoublet with yet indefinite remaining quantum numbers and with mass 1629 ± 7 MeV in the mode K 
gives M a 2 = 2030 MeV. This value coincides with the one for a 2 -meson obtained in works [40] . This state is interpreted as a second radial excitation of the 1 − 2 ++ -state on the basis of consideration of the a 2 trajectory on the (n, M 2 ) plane [4] . 
